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of cap 52, the lout beams In the illustrative embodiment are 
•till separate. At plane 11B, the diverging beans have 
spread further and have begun to overlap. At the plane 
indicated as 11C, the beams have overlapped and define an 
envelop 73 having an outer diameter which Is. slightly greater 
than the outer diameter of the catheter body 104. 
Preferably, at plane 11C, beams 70 will have overlapped to 
merge and cover a continuous pattern. Illustratively, such a 
merger will have occurred within a distance from the distal 
face 74 of tip 52 which is approximately equal to the outer 
diameter of catheter 104 (a typical diameter is 1.5 
millimeters). 

what is Claimed is: 

1. A system for the surgical removal of biological material 
comprising 

a laser energy source operating with an output 
wavelength in theNrange of 1.4-2.2 micrometers, 
an optical fibei 

means for directing N ^»e/iutput of said laser source 

to the proximal end of sa^Op^ical fiber, and 

means attached toM-he distaKend of the optical 
nf X 

fiber for directing laser energy propagating down said 

fiber to a surgical site. 



2« A system for the removal of biological tissue in 
accordance with Claim 1 wherein said optical fiber 
comprises a silica fiber purified to reduce the hydroxyl 
ion content as low as possible. 



3. A system lor the removal of biological tissue in 
accordance with Claim 1 wherein said laser source 
comprises a Hblmium-doped Yttrium-Aluminum-Garnet laser. 

4. A system for theNremoval of biological tissue in 
accordance with Claim 1 wherein said laser source 
comprises an Erbium-doped Yttrium-Aluminum-Garnet laser. 

5. A system for the removalNoff biological tissue in 
accordance with Claim 1 whl&eiw said laser source 
comprises a Holmium-doped Yt^tr um-Li thium-Pluoride laser. 

6. A system for the removal of biological tissue in 
accordance with Claim 1 wherein s\id laser source 
comprises an Erbium-doped Yttrium-uithium-Fluoride laser. 



7. A system for the removal of biologicalV tissue in 
accordance with Claim 1 wherein said laser source 
comprises a Thulium-doped Yttrium- Aluminum-Garnet laser. 
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A^ayetem for the removal of biological tissue in 
acco^ance with Claim 1 wherein said laser source is 
operated in a pulsed-mode, 

A system for the removal of biological tissue in 
accordance with Claim 8 wherein said laser source is 
operated in a pulsed-mode with a pulse width 
substantially equal to 1 millisecond* 




A system for the removal of biological tissue in 



accordance with Claim\l further comprising an aiming 
laser source generating^visible light output and means 
for directing said visible light output through said 
laser source and said optical fiber to align said laser 
and said fiber and to visually Jrl^uminate said surgical 
site. 



A system for the surgical repair\of biological material 
comprising, 

a laser energy source operating in a continuous wave 
mode with an output wavelength in th\ range of 1,4-2.2 
micrometers, 1 

an optical fiber, 

means for directing the output of said laser source 
to the proximal end of said optical fiber ,\md 



neans attached to the distal end of the optical 
,iber for directing laser energy propagating down said 
fiber to a surgical site. 

12. A system for the repair of biological tissue in 
accordance with Claim 11 wherein said optical fiber 
comprisesNa silica fiber purified to reduce the hydroxyl 
ion con tenths low as possible. 

13. A system for the repair of biological tissue in 
accordance with Claim 11 wherein said laser source 
comprises a Holmium-doped Yttrium- Aluminum-Garnet laser. 



14. A system for the repair of biological tissue in 
accordance with Claim 11 wherein said laser source 
comprises an Erbium-dope/yffttrlum-Alumimm-Garnet laser, 



15. A system for the repair 7 of biological tissue in 

accordance with Claim 11 wherein said laser source 
comprises a Holmium-doped Yttrium-Lithium-Fluoride laser. 



16* A system for the repair of biological tissue in 

accordance with Claim 11 wherein saVd^ laser source 
comprises an Erbium-doped Yttrium- Lithium-Fluoride laser, 



24- 



* 



17. A\eystem for the repair of biological tissue in 
accordance with Claim 11 wherein said laser source 
comprises a Thulium-doped Yttr ium- Aluminum-Garnet laser. 



18, A system lor performing surgical operations on biological 
material comprising, 

a laser \nergy source operating with an output 
wavelength in the range of 1.4-2.2 micrometers, 

a catheter having at least one lumen passing 
therethrough, 

at least one optical fiber comprised of silica 
passing through said catheter lumen, 

a focussing lens for directing the output of said 
laser source onto the proximal end of said optical fiber, 
and \^ 

a lens attached to the distal end of the optical 
fiber for directing laser energy propagating down said 
fiber to a surgical site, 



19. A system for performing surgical operations on biological 
tissue in accordance with Claim 18 ^further comprising a 
fiber optic connector affixed to the\proximal end of said 
fiber for holding said fiber. 



20 . A system for performing surgical operations on biological 
tissue in accordance with Claim 18 wherein said catheter 
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has an additional lumen passing therethrough, said 
additional lumen having an opening at the proximal and 
distal ends for communicating with said surgical site* 



21. A system for performing surgical operations on biological 
tissue in accordance with Claim 18 wherein said optical 
fiber comprises a\ silica fiber purified to reduce the 
hydroxyl ion content as low as possible* 



22. A system for performing surgical operations on biological 
tissue in accordance with Claim 18 wherein said laser 
source comprises a Holmium^doped Yttrium- Aluminum-Gar net 
laser. 



23. A system for performing surg: 
tissue in accordance with c: 
source comprises an Erbium^ 
laser. 
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operations on biological 
.8 wherein said laser 
rttrium- Aluminum-Gar net 



24. A system for performing surgical operations on biological 
tissue in accordance with Claim 18 wherein said laser 

rium-1 



source comprises a Holmium-doped Ytti 
laser • 



Lithium-Fluoride 



25. A system for performing surgical operations on biological 
tissue in accordance with Claim 18 wherein Said laser 



source comprises an Erbium-doped Yttrium-Lithium-Fluoride 
laser\. 

26. A system* for performing surgical operations on biological 
tissue inNaccordance with Claim 18 wherein said laser 
source comprises a Thulium-doped Yttrium- Aluminum-Gar net 
laser . 



27. A system for performing surgical operations on biological 
tissue in accordance with Claim 18 wherein said laser 
^ source is operated ^n a pulsed-mode. 




28. A system for per forming^ surgical operations on biological 



tissue in accordance with Claims 27 wherein said laser 
source is operated In a puls/d^faode with a pulse width 

29. A system for performing surgical operations on biological 
tissue in accordance with Claim\l8 further comprising an 
aiming laser source generating visible light output and 
means for directing said visible l*ght output through 
said laser source and said optical fiber to align said 

\ " * 

laser and said fiber and to visually\ illuminate said 
surgical site. 



m * 



\ 

30. \ system for the surgical repair of biological material 
comprising t 

a laser energy source operating in a continuous wave 
mode\nd generating an output bean with a wavelength in 
the raW of 1.4-2.2 micrometers, 
a plurality of optical fibers, 

a plurality of partially reflective mirrors arranged 
in series along the axis of said output beam for 
directing a portion of the output of said laser source to 
the proximal ends of said optical fibers, and 

a plurality of focussing lenses positioned between 
said mirrors and th\ proximal ends of said fibers for 
focussing portions of\said laser output to the proximal 
ends of said fibers, and 

means attached to the distal end of the optical 
fiber for directing laser energy propagating down said 
fibers to a surgical site, sa/d|directing means holding 
said fibers in a fixed posLU/Onf relative to one another 
so that optical beams emanatingV from the distal ends of 
said fibers overlap to cover an area at least equal to 
the diameter of said catheter. 

31. A system for the repair of biologicalNtissue in 

accordance with Claim 30 wherein at least some of said 
optical fibers comprise silica fibers purified to reduce 
the hydroxyl ioi* content as low as possible. 

\ 
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32. \A system for the repair of biological tissue in 
accordance with Claln 30 wherein said laser source 

comprises a Bolmium-doped Yttrium-Aluminum-Garnet laser . 

33. A system for the repair of biological tissue in 
accordance^ with Claim 30 wherein said laser source 
comprises an Erbium-doped Yttrium-Aluminum-Garnet laser. 



34. A system for the repair of biological tissue in 
f| accordance with Claim 30 wherein said laser source 

comprises a Bolmium-doped Yttrium-Lithium-Fluoride laser. 



35. A system for the repair of biological tissue in 

accordance with Claim 30^ wherein said laser source 
comprises an Erbium-doped v Yttrium-Li thium-Fluoride laser. 



36. A system for the repair lot biological tissue in 

accordance with Claim 30 wherein said laser source 




comprises a Thulium-doped Yttrium- Aluminum-Gar net laser. 

37* A system for the repair of biological tissue in 

accordance with Claim 30 further comprising a fiber optic 
connector affixed to the proximal ends^of each of said 
fibers for holding said fibers. 
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38. ^system for the repair of biological tissue in 

accordance with Claim 30 wherein said catheter has an 
additional lumen passing therethrough, said additional 
lumen\having an opening at the proximal and distal ends 
for communicating with said surgical site. 

39. A system for the repair of biological tissue in 
accordance \#ith Claim 30 wherein said laser source is 
operated in a\ low-power continuous mode. 



y 40. A system for performing surgical operations on biological 
a tissue in accordance with Claim 30 further comprising an 

S aiming laser source generating visible light output and 

W x % means for directing saMd visible light output through 
j-* said laser source and said optical fiber to align said 

laser and said fiber and \o/^Uually illuminate said 
surgical site. 



41. A method for the surgical remoVal of biological material 
comprising the steps of: \ 

A. operating a laser energy source to produce an output 
beam with a wavelength in tbe\range of 1.4-2.2 
micrometers, 

B. directing the output of said laser source to the 
proximal end of an optical fiber ,\and 



30 



* 



1 

a 



C. Xdirecting laser energy propagating down said fiber 
tV^a surgical site. 



42. A method for the removal of biological tissue in 

accordance with Claim 41 wherein step A comprises the 
steps of operating said laser source in a pulsed-mode 
with a pulse width substantially equal to 1 millisecond. 



43. A method for the surgical repair of biological material 
comprising the steps ol 
A. operating a laser eivergy source in a continuous wave 

mode with an output 7 wavelength in the range of 

1.4-2,2 micrometers, 

directing the output of saM laser source to the 
proximal end of said opticalXf iber , and 
directing laser energy propagating down said fiber 
to a surgical site. 



B. 



C. 



^7 



-31- 



